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(54) CONTAINER INSPECTION APPARATUS 

(57)Abstract: 

T ° BE SOLVED - T ° inspect 
profile fault and wall fault at the same time bv 
d,rect.ng a pair of light beams to a oonteher 
to be measured at two inspection points on a 
conveyor respectively in such a way that 
they cross each other at a right angle 
S a, ™ st horizontally and picking up 
an image by two-dimensional camera on the 
reverse side of the light source 

fh2£w°K : An Upn ' 9ht 9,ass con *ainer 1 1 
(bottle) to be measured moving on a 

conveyor at a constant speed is irradiated at 
two inspection points respectively with a cair 
of diffused lights emitted from a Kftaht 

IIZZ 12 '? SUCh 3 Wa ^ that crass 
each other at a right angle thereon. Then a 

nght flux passing through the periphery of a 
profile including both sides and apexes of the 
camera 24 (camera sensor) throuahTmfr!-? 6 '" 1 1 ? ' ed *° 3 two-dimensional 
conversion mirror and St on^mimDr S ^nST- ° f ^ mlrrore - diction 
respectively. The picture ^na™ ^xel'anivl™^ 38 3 ha,Ved picture 
computer 28 so as to perform ^ns^ 




SKTSSM Ending, diametric 

etc.) at the same time. a " UreS (m,xture of bubb 'e or foreign matter, 




CLAIMS 




which made it the inspection 
up perpendicularly is honzo^a t mov^ t^rounh tn P f ^^^"V. and sto ° d 
the 2nd inspection location ^^TsbbZ^ 6 1* ,nsbection 'option and 
sources of the diffused light S turn! fhJ^T ^ ' OCated ' ° ne P a fof 1st 
beam ahead, and emits it to an abhrlvfJ 1* 3nd 2nd "^ree related light 
located behind the above-^ honzontal to the container which is 

location of the either he a tove °s t?£ ? V Z ' 3nd ,OCated in the Inspection 
dimensional camera wWcJ oSSfte a JlS ,n - 8P ^ '° Cati0n ' The 1sttwo " 
image formation front face and "he TmaZ ^ST^ Wh j Cn ft has the 1st 
is expressed to the another side s.de oHh P «ho 1 * ' mage forma «°n front face 
means to transmit the light beam emittln b °^ ment '°ned conv evor, 1st 
the field of the one half of he .maaffn^ 8 ^-mentioned front to 
two-dimensional camera erf ^ ^^J?^ on .^ fa< » of tr >e corresponding 
diffused light which is parallel tur™ £J One pair of 2nd sources of the 9 

to an abbreviation horizontatbac^ and Tis^n ^ £ We8rBe re,ated " aht beam 
located ahead of the abovS^^niS^ mrtted *° the CDnta "'ner which is 
location of another side o^hTabov^ in the ins Pection 

2nd two-dimensional camera ^hich ouS^ tho ? ,ns Pection location, The 
the 2nd image formation front fece ^thf ana '° 9 S ' 9na ' with whicb it has 
front face is expressed to one 2S£^^° n 2nd lmaae formation 
of sources of the diffused light and th^nn f c ° nv eyor side which is one pair 
means to transmit the ligh t bean ^miLT? os,t€ \ s,de of tne above 2nd, 2nd 
the field of the one hal o ' he ^Z^f™*? 5 the abov e-mentioned back to 
corresponding two-dimens ^onal camlf ofZ^h" J" 08 ° f the 
analyze the analog signal from the abov° ♦ ° V 5 ? nd ' An ana| y sls m eans to 
is provided. The 1st and 2nd Tght beam o'fTh. 2 ^ imensi °n a ' each camera 

may pass through the perimete o *£ V ° ? ' arQe enou9n so that « 

mspection location of the above - 1 st ^ MoTeove? ?h^°w 3 COntainer ,OGated in 
above is an inspection machinl characterized^ f d 4th "' ght beam of the 



^X^tS^^I^T T'r " which -eives the 
mentioned analog signal a m a S 56 ° n 93in for the above - 
gain and the offset anabg sSnalTno a^SF* and a means to <*ange 
Claim 3j It is the insoection m a Jh a u d, 9»ta' gray-scale signal. y 

analysis means possesl , ZtentemZ?*™* ab — entioned 

filter processing of the above ^-mentionld dl^? 308 Wh ' Ch Cames out high-pass 
containing the retrieval table *v5 ha 1 '1 signal, and the means 

the above-mentioned digitaf gray-scale 2L? the . signal of three level 

earned out by making it an ^soectfon m«T by Wh '° h the hi 9h-Pass filter was 
[Claim 4] The conveyo to whS P "bf a «*n*ing to claim 2. 
machine for inspecting tS^^SSTE h ^ made " the lns P ection 
up perpendicularly is horizonto ly Z^rou^ Up Der P end ' c "'any, and stood 
may pass through the perimete o?the who Te nrn^ « n f s P ection location, So that it 
the flux of light is emitted toward "the c^^^^^^^'^ 1 * 
inspection location, and this flu> o 7tal?teE2L5^ It * he above -™entioned 
inspection location The suffir Znt?:, i 9 Cated ,n tne above-mentioned 
dimensional cam^SKS the anX^ d '' ffUSed li * hi ' Th ^o- 
the container in the aW^^^ n a " ak ? S ' 9na ' whjch de *ects the image of 
image, A computer means Kffiff2^ Crt,M ! and Creates this 
he above-mentioned container* the above ^ZT* ^ Side attacb ™ent wall of 
location is provided. The above-men«on^^^^ inspection analog 

means to demarcate the 1 s, Selected aJn^f^ , meanS The 1 st f with a 
gauging channel, It is the inspection manhin^ h.\ 8 !' ected offset 3 dimension 
to demarcate the 2nd selected ToaTn and thl ! Wh,ch bas th * 2nd [ with a means 
•mage analysis channel, and is tSS^^S^ 1 ^"achment-wal. 
of the above 1st and the side-attachmen?-^ wall imlno m ^ S, ° n 9augin 9 chanr, el 
above 2nd receiving the same signa^mThe' ^^£^«^ ona] 

cS^^ ^ the dimension gauging 

and the offset analog signal into a "Safa^v i™?™™^ ™* 03 to change ga n 
inspectfon machine according to claim 4 9ray - SCa,e s,ana ' by making it an 

Ue ana^s^ the side-attachment-wa,. 

means to change gain and the offsel fiSJ? 9 ^ an ^-conversion 

ssssS 1 ?^ di9i,al ~"' si9nal 

channe, of tfcSSyEhMS^ESE* b ' the -'—on gauging 
grayscale signal into a binary Scture sinrSh^' 0 ." means to chan 9e a digital 
according to claim 6 P Slgnal by mak,n 9 « a " inspection machine 

S-nal^^ * ,he -de-attechment-wai. 

out high-pass filter process^ oHhe above r 9 . *^ the meanS whfeh «*"*• 
and the retrieval table whichTmlrcates th^ ^E^? 3 "*' O"*™"* »gnal, 
by making it an inspection machTnaTcSrolng £ S ' 9na ' ° f three level 



DETAILED DESCRIPTION 




[0001] 



SKSI" ' nVen,^0n, ™ S in ~ -'a t es ,o the inspection machine of 

[0002J 

[Description of thf> PnVw 

machine from the hJStaS SS^^SSS^T' S the ^shaping 
between this fanning cycle that mav hav» f 2 ,. „ Many thin 9 s ma y happen 

(cocked-finishing 3 tisW an'rtT ^ Ch has ,nese **<* °< other defects 
ohange, an anomaly) the pronte of fh^'" 9 ° ase RINA < ba se leaner) paft 
determine a profile Sto as U S Pal l^s ^J 6 ' * inspec,ed - '"order to 

BESTS' " W * 
rate more .han 600 boies plr^n'^^J" the °° n ventional machine a. a 

gone image. ^^^^^^o n 

SSW^S^SS.'SSSi SEE? ?" e ""^ of. his invention is 
coincidence. * m whrch can inspect a profile defect and a wall defect to 

t%S of this invention will become 

the current suitable exlmpte Sembod? a ?f° m P a nying drawing which show 
[0007? 10 WS invemion em bodies the pnnciple of this invention 

[Means for Solvina the Prnhi* m i T u 

stood u p perpendiculariy VS&S^S^S ^ the 9 ' assware ***** 
and the 2nd inspection tocatto^^&'K^^i "'V* inspection 'ocatlon 
the inspection machine which fnsoach fthl « Separated and located according to 
perpendicularly [ of this inventinn i £ ^tainer which stood up 9 
which t ums the' \ st and SSSS^^^ ^ * diffused light 
an abbreviation horizontal to the Snt S , ^ ahead ' and emits it to 
and located in the inspection locator ^JSL^? « located behind this conveyor 
inspection location, The 1 st two-d men/ionl. ^ the ab ° Ve 1st or the 2nd * 
s. 9 na, with which it has the i^Jff — °" 

ru race > and the image on this 



1st image formation front face is exDresspn to th Q „ *u 

mentioned conveyor, 1 st means to t^nsmS L inhn ^ S ' de Side of the above " 
above-mentioned front to the field I ofTho T u J 9 ? beam emitted towards the 
face of the corresponding SjS^nS^^^ 1 ^^ formation f ™t 
2nd sources of the diffused light XhTo^ t 0f tbe abov * 1st - ° ne P^'T of 
degree related light beam to an abbrp J££ZZ1 ■ tUms the 3rd and 4th 90" 
the container which is k^a^^^J^"^^ back ' and is emi «ed to 
located in the inspection loSl ^S^St^T^ co ^an6 
inspection location, The 2nd two oLI^/ , ° f the above 1 st and the 2nd 
signal with which it has th 2n^°maae fo™* • ^T™ Which out P uts tne analog 
2nd image formation front fa C ^ ffTJSIiS^h*^ and the ima9e on thjs 
side which is one pair of sources o^^ conveyor 
above 2nd, 2nd means tc ^?ransmi? h^ in£ k d " 9ht 3nd the °PP° site side of the 
mentioned back to the ^S^c^^J^ m 0 e 7 tt8c, tOWards the abova - 
of the corresponding two SroSLSS ^ of 2* T 896 format,on fro "t face 
means to analyze the analog sSfromThi a K 6 3b ° Ve 2nd ' An ana ^ 
each camera is provided Se s ?and . ab ° ve " men t'oned 2-dimensional 
enough so that it may pass through* 9h be3m of the above * 'arge 
container located in the insoeSnn^ e t . penmeter of the whole profile of a 
and 4th light beam^thraToveT cta2 b ?? Ve 1 f ^over, the 3rd 
may pass through the perimeter of thl wSf£ n?J? b T 9 ,arge enou 9 h so that it 
[ooosf' 00 ' 0Catl0n ° f tbe ab °^ 2nd P ' e ° f 3 container Seated in the 

- d with constant speed 

the condition of ha ving 9 s to 0d uTpe^enSaHv 2S f? ^ 9,3SSWare 1 1 in 
inspection location, to a convevor ~ , ,S~5 Tk ?, b ? ttle) ,l,us trated. In this 
horizontally spread' at a£^^^£^^ ? 3Sses a bo«e and is 
sources 12 which can consist of short a c flath 22! ft T 006 P3ir ° f ''' 9ht 
are arranged behind a convevor ConJl! P 1* tUbing stroboscopes, and 
location, the flux of light (beam) 14 2?!2? ^ 3 bottle is in an inspection 
axes 15 of a bottle afa right ang e These flu, nf,^ ' 9 '' 8 intereects the ^al 
greatest container of the conta"ne%Tn?nl? w '? htS 3re ,ar 9 er tnan the 
the whole container profile ESSKES^iS? P3SS 3 '° n9 the P eri ™*er of 
an .nspection location, the mirror paifwhi^Tht . ^ wn,na > wh ich is always in 
located in the front face ofa Zp^ o ?/ light from each light source is 

the directional change m&Tnd which waTr^/ T " UX ° f "' 9ht 3t 3 ,eve ' w * b 
emanates to 16. The mirror 17 of tho^l e,ated P er Pendicularly - it 

at the include angle no^nT^ 8 the8e flUX ° f ■*■» 

change mirror transmits the flux of Itahttn tL « * 0 45 de 9 rees - A directional 
reflection). A reflecting prism se°s Nation E tT" 2 ° ° f 3 reflectin 9 P ris m 22 
he two-dimensional camera ^fc^rSs^nds t£ ?° '"fFt ° f the ° ne half wb ere 
the reflector 22 of the directional^nn J £ % ? UX ° f ,,9ht " The bot h sides of 

eac h refl ec,„ r a, J JS^^^^ - 



a »^ not des^able is avoidable. And 

are estimated by the image process.™ S ^ ' foo *P r,nt (footprint). Both images 
su.table screen 26 and can ivak^^E^ 28 Wh '? 030 Copy on the 
computer outputs an acceptance s an a | or t£f ?" C f S " This imaae Processing 
rnnn" ,S eXp,alned ".S Nc 5 256 871 refUSa ' S, ' 9nal 30 " The additional 
[0009] As shown in g^in^ a desirable 111 ^ nC ° rporated "*> this specification 
conventional techniq^lhoVn'in 2 ' ' S the duplex versi °n of the 

related light sources 1 2 located l^Sf^ ' and has one P air of 1 st 90-deqree 
in the opposite side of this ^ey^o^Z ?*' *5 ima9e sensor locaSd 
sou, es, and the image sensor ^ to T^S^ ^1 

is shown , 

gauging channel (dimension rneasuremerJ dim?* ' S S , Upp,ied to a dir^jon" 
s»de-attachment-wall analysis chann^t^ Channel ) and a 

s-de-attachment-wall image is performed to SS^™?' Tnerefor e> analysis of a 
Th.s method is excellent in resect oTthe ^^° n f gaUQ]ng and coincidence. 
Since the image demands of each channel r3te and lma 9e quality, 

a drmension gauging channel (gam an offset f T?* 88 fr ° m the 9 ain for 
the analysis channel of a side-attarhmo^ , • 1) ' and offset . and the gain for 
-2) are optimized. Dimension SSKSiT 08 ^ (9ain and 
boundary between the images and P^SS' ? °P' m3 ' chan 9 es on the 
colored deeply, this setup can .use Va 8 b ° ttle - ,f 14 is in the bottle 
dynamic range. Contrary tc ^^s by s fd^ h t " Wa ' 1 image as a ver y '°w 
saturates a background Imaa* a nalysis, even if it 

becomes unclear, the side attachment ^ f 96 ° f 3 conta iner image 
wall of central one half) of a ^container * n li* ' e ? t COntainer side attachment 
range. Generally, a lighting" a^erfs ^SSfj^^r 8 maximum 
and convers,on offset are optimized I in , nrd- t Tt 3 f ° CUS ' conversion gain, 
Once the optimal side-attachment -tall ?ma QG n S 3 8k ? attachm ^t wall, 
channel corresponding to a dimen^fnV.T 9 P ' Ck " Up ,s obt ained, the gain for the 
the expression of the opfimal edge Gam ° ffset wi " be adjusted for 
user intervening. An aperture focus anZ Z^ f e,ectrica »y. without a 

message) offered by the user i"^^ 

Kffi^jJlSi S^TOStt^ and offset - an ana '°9 ^a« 

changes this digital signal into ^^Tr 109 ' and 8 retrie v a ' teb»e 
wh,ch are used by the control in ornl 9 3nd Wh,te si 9 nal of two level 
(dimension measurement) For examnt I? ""2 ° Ut dimens ion gauging 

positioned, existence of the width of^aS o fTb»m "*? ° f 3 b ° tt,e «" be 
determined. in or Tace of a bottle and an inclination etc can be 

Th,s a- b „ gra , scale ^"^t^^J^^^ 



part from which a container differs 0™^^'^* sens '«vity settling in the 
zone are chosen by the use After th~T m^' the Size and th e location of a 
may agree with the "amount Tof^n a TnX S d J 6 '' 3 mask ls ca "ied ouUothat it 
for the slight tolerance nta er s -Je attachment walls on a title excepf * 

container images. The one half % 2 • d the du P'>cation part of four 
field, and it is made fo r ?h defect wSn? WTO8 P°nds to a 90-degree visual 
£° V,Sua ' fie,ds ^ to escape detSfon h3S ° n the bound ary bSSSen 

level processing after maskmg^sttaled anS^ ^ P °' ari2ed bv ^^shold 
one of each of the polarity ( oolarifS cX d ' S Set to one P a '> of values and 
evaluation of whether it s accented l,^^' each P 0 ' 3 ^ recess 
one polarity - a stone (stone) ~ thatlf S n9 t0 63Ch Sca,e - or to bemused 
polarities correspond to a bubble A ^?£? P ° nd * ° paaue,v and other 
corresponds to a stone or a bubbi ^SSS 9r ° UP ° f the Va,ue of amphipathy 
a wr,n k „ng, a wave, or the defect VSSSiS 
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[0001] 

[0O02J 

10 0 0 3] w*ve,w^fc5VM4tewJFg (= y: >K 

^'f — (cocked finish), gjtfS?). ^ y 

-(base leaner), gjg) ^^-^5^ 



■Wm. 256, STUHctt^n 7 „ -^T^ ° ^ 

ilt 'LTV 1 °* } ^^^IIZ 

dimensional gauging) © i 5 /^-0*^ 5fTton . 
[0 0 0 5] 

[0 0 0 7] 

fc^*Sr«^1-S*|**« t - j- Z !» Jiff 
[0 0 0 8] 
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2 *l***"* 3f ' ^ 2 2 0**5 2 0 kS 

**"*tt*¥»*>mtkKMB*x**. ***** 
jjtwuc^s^a, {f00tprint) ^^/f 

[001 0] 4®^^^,^^ ^ 

2 (B ^ T ^ ) 

naWng channel) t«^ ?t ^ ;uil: ^ f; 
(W»*tM-** » + # 1 ) <OK*><Oim&V<*7 
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